In a previous study [Nakamura, 2012] on the acoustical analysis of the duration structure of rhythm in English speech as observed in short sentences uttered by native speakers, the present author found that the durations of the following rhythm unit showed the smallest variance among native speakers: 1/4 of a preceding unstressed syllable(s) + stressed syllable + 3/4 of a succeeding unstressed syllable(s). The durations of rhythm units with a secondary stress were concentrated at half of those for units with a primary stress. Therefore, the rhythm exemplified can be described by a series of rhythm units with primary and secondary stresses, where the latter units are half the duration of the former. In the present study, the relationship between rhythm units with primary and secondary stresses was investigated from the viewpoints of 1) the position of syllables with primary and secondary stresses in a sentence, 2) correlation among rhythm units in a sentence, and 3) individual differences among native speakers. The results show that not only rhythm units adjacent to each other in a sentence but also remote units can mutually adjust their durations to realize the two-to-one duration ratio for rhythm units with primary and secondary stresses, respectively.
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INTRODUCTION
English rhythm is related to contrast between the stressed and the unstressed in duration structure [Jones, 1960; Ladefoged, 1993; Lehiste, 1970; Roach, 2009] . The construction of a rhythm unit, which comprises a set of stressed and unstressed syllables, has been defined in various perceptual ways [Kawasaki, 1983] .
The duration distribution range for a syllable with a primary stress is distinct from that with a secondary stress [Nakamura, 2011] . The present study investigates the most appropriate definition of a rhythm unit to account for its duration structure, based on a phase showing the smallest standard deviation of the rhythm unit durations of certain English native speakers.
METHODS

Materials
In this study, to analyze the relationship of the respective durations of rhythm units with primary and secondary stresses, five kinds of test sentence, each including multiple primary and secondary stresses, were used. Test sentence i is an example.
For each test sentence, 10 speech samples uttered by 10 English native speakers were used. They were selected from the English speech database [Minematsu, 2003] , and satisfied the requirements for this study.
Test sentence i
I'm@ a mused@ by@ the@ man@ and@ his@ ver y@ fun ny@ jokes .
Rhythm Unit Phases
Each rhythm unit is comprised of a centered syllable with a primary or secondary stress to which adjacent unstressed syllables are connected [Nakamura, 2012] . In this study, eight kinds of rhythm unit phase were compared, as shown in Figure 1 . The component syllables of each phase are also shown in Figure 1 , using an example test sentence "I'm amused by the man and his very funny jokes."
Hereinafter, a stressed syllable, an unstressed syllable, a syllable with a primary stress, and a syllable with a secondary stress are called S, U, S 1 , and S 2 , respectively. In the figures, @, +, and -stand for a syllable with a primary stress, a syllable with a secondary stress, and an unstressed syllable, respectively.
In Phase A, as listed in the first row in Figure 1 , each rhythm unit is comprised of an S and its preceding U(s). Conversely, in Phase E, as listed in the fifth row, each rhythm unit is comprised of an S and its following U(s). By means of the shifting of the phase by one level ("1-level shifting"), based on the durations of S and U(s) in each rhythm unit before the shifting, 1/4 of the head S or U(s) is deleted and 1/4 of the final S or U(s) is added. Phase A is the next phase of Phase H. 
CHARACTERISTICS OF RHYTHM UNIT DURATIONS Occurrence Frequency Distribution
As seen in Figure 2 , the occurrence frequency of the rhythm unit durations including S 1 s and S 2 s in the test sentence is approximated by each normal distribution curve. Duration is shown on the horizontal axis and frequency on the vertical axis. Red and blue vertical solid lines respectively stand for the average of each distribution of rhythm unit durations including S 1 s and S 2 s.
In the figure, it can be clearly seen that the average and standard deviation of durations of rhythm units including an S 1 or S 2 are changed by a phase shift. Moreover, it is observed that rhythm unit durations including an S 1 and those including an S 2 are clearly separated.
To investigate the relationship of the two, 1/4 of the average duration of rhythm units including an S 1 (red vertical dotted line) is calculated. It is observed that this value is close to the average duration of rhythm units including an S 2 , especially around Phases C, D, and E.
On the basis of this relationship, we can investigate the most appropriate definition of a rhythm unit.
Standard Deviation
In the radar chart given as Figure 3 , it can be observed that the standard deviation of the rhythm unit durations is changed by a phase shift.
A red solid line (Dv/Av@ (12)) and a blue dotted line (Dv/Av+(12)) stand for the standard deviation among native speakers of durations of rhythm units including an S 1 and those including an S 2 , respectively. A black solid line (Dv/Av@(12)+(12)) stands for the standard deviation among native speakers of all rhythm unit durations. Each standard deviation is normalized by the average.
A smaller deviation is obtained in Phases B, C, and D. These phases are comprised of a centered S and its preceding and succeeding Us.
Ratio of Average Duration of Rhythm Units Including an S 1 to That of Units Including an S 2
In Figure 4 , it can be observed that a ratio of average duration of rhythm units including an S 1 to that of units including an S 2 can be changed by a phase shift. This ratio is close to 0.5 in Phases B to E. The result shows that the period of each rhythm unit seems to be comprised of a series of rhythm unit durations including S 1 s and those including S 2 s, and that the latter are half the duration of the former. 
MUTUAL ADJUSTMENT OF RHYTHM UNIT DURATION
In the occurrence frequency distributions of rhythm unit durations including an S 1 or an S 2 , some shapes are different from others. In Figure 5 , occurrence frequency distribution of rhythm unit durations is described for Phases C, D, and, E, which show about 0.5 of the ratio of average duration of rhythm units including an S 1 to that of units including an S 2 , as mentioned in the last chapter. It can be observed that two of rhythm unit durations including an S 1 or an S 2 adjust mutually to realize a ratio of 0.5. Native speakers place stress in different ways. In Figure 6 , the duration results for three rhythm units including an S 1 -mused, jokes, and man from the test sentence-are described as uttered by 10 native speakers. It can be observed that two groups of native speakers (the solid and dotted lines), who speak in different ways, adjust the remote durations closer to each other; these are on either side of the duration of a rhythm unit including an S 2 . 
CONCLUSIONS
The results of the above analyses show that the most appropriate rhythm unit can be defined as existing somewhere around Phases C and D. The fundamental durational characteristics of the rhythm units including an S 1 and an S 2 observed in the test sentence are also observed in the other test sentences. However, complementary processes are required to get this result, depending on factors like a series of S 1 s and S 2 s, and a word composition featuring multiple Us.
